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Spacecraft n{}n-grdj?itdt  ional

determination  t a s k .  [llt~ of” the
u)nst ruct ion {Jf an ddtquatt’ spawcrdfl  cx)nlp{)nent  st’t k)r u)nlfmt ins s~llar ra~i iat i(}n pressure. la rly
vt~r>ions  O( tht’ model  bt~ha~’t’d  poorly” i n  {NJ s~)lut ions.  Am)tht’r m)dt’1,  ft~at uring tuv st’t> of
ct)mpont’nts,  t Ilt’ first c)f \vllich  wa> act i\ ’t’ up k) Apr i l  (If 1997 and t ht .stu)nd  act i}rc’ t Ilt’rca ft t,r,
tvas found  to havt’ uninttmdtd and unrt~asc)nablt>  ctm>cqutmt~s  in tlw fi l ter. I t  \vds f ina l ly  dt’cidtd
to 11S(’ on !~ th(’ S(’ConCfl  C{)lllpont)llt Sot  of t[llS \rL’r51{)ll, active tllr(ulSllout the entiw data arc’, fur t h e
f i n a l  c r i t  icd I s~)lut  ic)ns,  includins those  pcrf~)rm(,i f{)r  lC’h4 4 dt%ign and i n  tht’ ldSt ’24 hoLlr S

lt’ading  LIp to 11)1 ‘1 ht’ pdpt’r \\’ill gi\’t, d e t a i l s  [m \illy t’arlj’ Conlpt)nt,nt n)()~it,l> }vt,rl, L-c)n>i(it,rtd
unsatisfactory and the tx’hdi’ic)r  of tilt’ tiirc)-corll~)ollt’llt” st’t mcxlel in flltt,r  cstimdti{)ns.

~ ht’ C]l Jallt~ of tht’ rdLflior”Jl(’tl”l  C trACkill~ (!d[d W’dS CrltiCd! to obtdillin~ th(’ rtquirtd na\’ igat  ion
accuracl’ for h’lars  I’athfinder.  Ijt)w-m)isv, Ilixll-prt’cisi{)n ranging nlca>urtmlc’nt>  ~$t’rt’  particularly
crucial  for meeting  tht’ atnmspht~ric  ent ry  sa fety  r~quirtmlents.  Variatit)ns in I k)pplt~r  and ransing
datd C] Llaiity thrOLJ#K)Llt tht’ mission w i l l  tx$ sh[n~’n  and tht~ir  i m p a c t  t)n tht’  c)rhit dt’tcrnlinatit)n
prt)cc’ss  \$ill  bt’ d iscusstd.  1 he papt’r  \\’ill d(wurmv)t  a st’rit’s {Jf probltws ivith t Ilt’  r a n g i n g  systt’m
pcrf~)rrndnct’  and tht’ir st)lutions; spt’cial  d a t a  ~vc’i~htinx scht, mcs and b ias  t  rt’atmt’nt>  LIW<I tt)

h a n d  [c thtwe  prt)bltms  in tht’ filter t’stinlati(lns  ~iill lx prtst’ntd. ‘1 Ilf’ pdpt’r  \vill  also  d i s c u s s
m(dt’ling  of t Ilt’ 1 k)pplcr’  bias ilnp~)std  by t ht’ sf>inninx  spact’craf  t.

F’l~Llrt’S 1 and 2 Sho\$” SLICC(WSIL’L’ orbl[ CI(’[(’rlllilldti(lrl SL)!Lltlol)S  obtdll_JCLfl  LiLJril)~ th(’ laSt 24 h(JLlr>

bcft)re  tmtry as  M3 uncc~rtainty  t’llipstw in tllt~ 1:-plant)  a n d  c<)rrt’spt)nding  ftx)tprints mapp(kf  c)nt~)
tilt, su r face {)f L4ars.  1 he tar~t’t  rt,~it)n, ct)rrtqxmd  ing tt) a 2(K) x lLKJ km ft)otprint  on t ht’ surfacv  is
alsc)  shc)ti’n for ctmparix)n.  1 ht’ t>ll ipst’s  ran~t’  in size from 4{) x 8 km tt) 15 x 3 km in t ht’ 1~-plan~’ t)r
]5.4 x 5 2  km tt) 97 x 13 k m  (m the  SLlrfdCt’. 1  ht’ iinal c)rbit cltterminatic)n solL]tic)n PII)LILIC(’LI  an

t~stimatd  Iandinx  s i t e  It)catit)n  t)nly 23 k m  a~vay fr(ml  tlw targt~t  sitt~. 3 htw’ rc’>ults clt’arly
Ialidate the ustI of tht’ vnhanwd  filtt’r tt’c’hni(lut’  f o r  f l i g h t  {)pcrdti{)ns 1 he paper  \vill  prt’scn!
d e t a i l s  t)f  the filtt~r  ct)nfi~uratic)n  uwd  f{~r thcst’  solutit)nsr  i n c l u d i n g  t h e st’t c)f s t o c h a s t i c
paranlctt’rs  and cht)icc’s for a f>riori unctrtaintit,s 1  h i s  \vill  IN ct)n)partd  t<) tht prt-ldunch p l a n s
tor tht’  cnhanctd filtt’r ct)nfi~uratit)n.
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I’(wr mdneutt’rs  wt’rv pldrrntd  and t~xt’cuttd  d u r i n g  cruist’, the first t~w)  tvithin (i) days ot

!aunch a n d  t h e  last tw’()  w i t h i n  60 days 0( M a r s  arrival. ~ ht’ p!annecf a n d  actual  llldIlt’Ll\’t’r

schcdult~ for Mars l’athfinder is shc)ivn  in the’ “1 ablLI 1, ~vhi[t> ‘1 able 2  summar izes  rnanwwr sizt’s
and ext’cutic)n performance’. 3 Iw’ first thrt’c’  colun~ns  in 1 ablt’ 2 list tht’  t)xpected magnitude for each
mdnti’u~’t’r  from prt’-launch analyses, tht’  (n’~’ral I  rtyLlirtxl nlagnituLlt\ a s  L;twi$nwl i n  f] ight, anLi

the act Llal  magnit uclc  obtained when t\xt>cutt\Ll. Ixt’cL]t ion crr(}rs  art’ prtwntd in t ht’ fourth column
as the pt>rc~,ntagt, cfiffert)ncc  bt’twrt’c~n  the design  and actual magnitudes. 1 he paper will discuss

the choice of targt’t  aimpoints, the ct)mpL]tation of rtyL]irt’Ll \t’l(wity c h a n g e s , and iill~>lt’rl]t’rltdtiotl

IINXICX  for each of these  n~ancuvers.  ‘1 ht’ brt’akdf)~~’n  c)f the ovt’ral I \’clocity  change \’t’ct\)rs into
ct}rmpt)nents  bast~d on irllplt’rl~t~rltatit)tl  rnodc~  \\ill IN dtwribc’d.  “1 ht} a c t u a l  total J>t’h)city c h a n g e
irllp]enlcnted for tht’  nlissiorl t\ri[l  he C(ln]park’Lfl  to the prt’-]a Llrlch bLILlgt’1  s t a t i s t i c s ,

In a(l Llit ion to tht’ foL]r rmant’uvtrs  in the tables,  the possibility of an~}tht’r  nlantuvt~r -1 CM 5-
k) be t% ’CLltk’Ll durinx the last 12 Il{)urs b~’fort”  tint ry into the hlart  i an atrm[)spht’rt,  ~~’as aLILIC’L~ as a
ct}ntir]~t,ncy  p!an during crui$t).  ~ Ch4 ~ dt)sign  and (V.(’CLltioll st rdtt’gy  \% ’ill ht’ dtwribt’d as part of the
s(’ction  on navigation actit’itit+ durinfi 1:1)1,.

Table 1. Mars l’.athfincler  Maneuver Schedule

E

Maneuvt’r N{)minal  I’imc Actuat  ~ irnt>
—

l)twriptic~n
“ICN4 1 January 10,1997 Rtnlove injection  bias~)rrtc’t  injt>ction

1 ,aunch + N) days 1 .aunch -t 37 days LIrrt)rs
‘1CN4 2 f:t’bruary  3, IL)L)7 {’~)rrt~ct “1 ~M 1 cxc,cLjti[Jrl errors

[ ,aurrch + (,[) clays 1  ,aunch + 01 Lidys

K’N4 3 May 7, 1997 ‘[ argtts t{) h4ars atnl~~sfit>ric-  t’nt  ry point
h4a rs - 6[) days h4ars -58 days

“lCh4 4 JLlnt’2!5, 1997 Corrc’cL 1 CM 3 t’xtcuti(m crrl)rs
h4ars  -10 Liays Mars -9 days

Table  2. Mars I’athfindcr  Maneuver }ixecuticm llisto~

h4allt’LIV(’r J’rt’-launch
——

In-1’  light i n - l : l i g h t }Ixccutit)n
1 kpt’c  tt’Li 1 XI > i rtci Act L/di I:rror

A v A\’ A v

h4agnitudc’ h4agnitudt’ h4a~nitudt
(nl/s) (r]]/s) (111/s)

‘l C’A4 1 33.3 31.84 X),(K) 5,5’}’) Ion,

1 Ch4 2 2.08 1.586 1 .[)97 (1.7’};, high
ICM 3 L).432 ().1()()() ().112(1 5.7(}L higtl

KM 4 ().138 (),()18()1 ().()1 85s ().1 7’};) lo\t”



!!art 111:
N avigat ion for linjryc~cent,and  1 ,ancling

and spacecraft actiitities Icacling u p  to and LiLlring t h e  Llcsct’nt itsc’lf. [)rbit clc’tcrtllirlatiorl

analysts had sh(uvn t h a t  t h e  overal I unccrtdinty in the’ s p a c e c r a f t ’ s  t  rdjcctory  solut itlns kvoukl
remain  fzrirly constant  in thc~ last fcw d a y s  bc’fure arri\’al at h~ars. A s i g n i f i c a n t  inlpro\’cmltmt in

kno\\’1(’Llgc’ of tbe space’craftrs h4ars-relat i\rc’ posit ion woLIILi not (wur unt i I the last 24 hours bcf<}rt’
e n t r y  wlwn tlw Doppk’r  data  bcgdn  k) stmsc t 11(’ p l a n e t ’ s  ~ravitat  ional fic’ld.  Ihring these  l a s t
few hours it w’OLIIL1 bt’ p{msibli~ k) rt’fint’ prc’d icti(~ns of the ) tintry condi t ions  and to cor’rc)ct f~}r a n y
unexpc’ctdly large flight path deviations. ‘1’hc dt’i’elopmcnt  t>f operational plans and prucedurt’s
for this critical t inlc’ pt’ri(xi  wi II tw (i iscusscxi. “1 Ilc’ tw} major  act iI’it it’s t{) bc ctmsicit’rt’d  art’ a
p{~ssiblc, fifth man~wvc’r (-1 Ch4 5) and updatt’s  tt) f l ight s(~ft~vart’ paramt’ters c(~nt  r(>ll ing ~rarious
tx’ents during ciescent  sLJch  as pardchutt~ cit’pl(~ynlt~nt  timt’.

A history of actual  orbit cfc’[c’rl~lil?atit~[l results and tlwir in flumct)  on flight tt)am decisions a t
key times w i I I be prtw’n tt~ci. 1 he final, btwt cwtinlatt~  ft)r tht’  spacecraft’s entry state  bast’~i  on a I I
tr~ckin~ ciata obtaintd  prior to lan~iing  }i’ill also  bt’ giv~)n a n t i  c(>nlpart’ci  k) s(~lutit~ns  availablt’  a t
tht’  t’arlit’r  ciecision  p o i n t s .  1 h i s  I\’ill  als(> tw ctmlpdrt’~i  tt) pmt-lan~iing  s(~luti(~ns  for the, Iancic’r’s

location gt’nt’rateci  frtm} imaging ciata and tracking ciata taken after surf act’ ~ic)ploynwnt.
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l;igure  1. 3-0 B-p]anc error ellipses for M1’l: 1[1)1,  orbit dctcrrnination  su]utions

Figure 2. 3-G landing error footprints for Ml’l;  IiI)l orbit determination solutions


